Introduction {#sec0005}
============

Obesity is one of the most challenging public health problems. Data from the United States show that 30% of adults over 20 years of age, around 60 million people, fall in the obesity range (BMI \> 30) and 65 million (35%) in the overweight range[@bib0155] (BMI \> 25). This entity also affects underdeveloped countries, where carbohydrate intake is highly widespread, as it is relatively cheap.[@bib0155]

Population studies have shown that obesity is an independent risk factor for the manifestation of knee arthrosis.[@bib0155], [@bib0160], [@bib0165] Coggon et al.[@bib0165] determined that individuals with severe obesity (body mass index \[BMI\] \> 35 kg/m^2^) had a 13.6-fold increased risk of developing gonarthrosis.

Classically, obesity could be related to degenerative joint conditions due to mechanical cartilage stress caused by increased local pressure. Currently, a new study branch has arisen, after the discovery of the proteins generated from visceral fat, the adipokines. The most known adipokine is leptin, which plays a role in insulin action and produces inflammatory cytokines in chondrocytes.[@bib0170] It is associated with systemic inflammatory processes, with effects in the coronary and carotid arteries and in joints such as the knee.[@bib0175] Recent clinical studies have shown a higher incidence of knee pain and arthrosis related to elevated serum adipokines and to metabolic syndrome (systemic hypertension, diabetes, and increased glucose, triglycerides, C-reactive protein, and LDL levels).[@bib0175]

The painful knee symptoms in obese patients are not due solely to the intra-articular and bony involvement determined by arthrosis.[@bib0180] More commonly and in an earlier stage, there are meniscal lesions, cartilage wear, and subchondral bone edema that generate pain and are usually not detected by conventional radiography, only by magnetic resonance imaging.[@bib0180], [@bib0185], [@bib0190] Other sources of pain are Hoffa\'s fat pad, patellar tendon, and pes anserinus.[@bib0195] Accurate knowledge of the type of lesion usually allows conservative or arthroscopic treatment in cases of soft tissue involvement, or the use of osteotomy or arthroplasty procedures when there is more significant bone involvement.[@bib0155]

In Medicine, epidemiological studies aim to identify specific groups in the population in which it is possible to detect increased levels of a particular disease and related factors. In this way, interventions can be designed in order to alter the course of a pathology and lessen its harmful effects.[@bib0200]

Few studies have addressed the involvement of the musculoskeletal system and its impact on individuals with morbid or severe obesity (BMI \> 36).[@bib0165], [@bib0200], [@bib0205] Regarding the knee joint in this special subgroup of patients, the prevalence of pain, the degree of functional performance, alignment analysis, and the degree of radiographic involvement due to arthrosis have not yet been sufficiently described in the literature.[@bib0205] The compilation of these data is necessary for a proper assessment of the issue. The determination of clinical and imaging parameters that may indicate the need for early intervention plays a fundamental role in the formulation of therapeutic and, above all, preventive strategies in this growing group of individuals, who are most commonly of productive age.[@bib0200]

The main objective of this study was to assess the relative prevalence of pain measured by visual analog scale (VAS) between a group of severely obese patients and a control group. Secondary objectives were to assess functional performance, measured by the Western Ontario and McMaster University (WOMAC) index and the correlation of pain (VAS) with the parameters of age, gender, radiographic arthrosis, and knee alignment between the study and control groups.

Material and methods {#sec0010}
====================

This cross-sectional study was approved by the research ethics committee of the hospital and followed the principles set forth by the Helsinki Convention.

The study included 41 patients who were admitted consecutively to the bariatric surgery outpatient clinic of this hospital from January 2014 to January 2015. The sample consisted of 11 males and 30 females, with an mean age of 44.1 years (SD: 10.1), who were subdivided into a subgroup of obese individuals with a BMI \> 35 and \<50 (*n* = 27) and another subgroup of superobese patients with BMI \> 50 (*n* = 14).

A compatible gender- and age-matched control group, composed of volunteers (hospital employees), was created. The control group consisted of 39 individuals, 14 men and 25 women, with a mean age of 42.1 years (SD: 12.6; [Table 1](#tbl0005){ref-type="table"}).Table 1Concise parameters of the severely obese and control groups.Table 1ControlObeseBMI \< 50BMI \> 50Statistics*N*39412714Control [X]{.smallcaps} ObeseAge42.1 ± 12.644.1 ± 10.148.3 ± 8.648.3 ± 12.0NSBMI26.5 ± 3.248.7 ± 10.643.1 ± 5.159.5 ± 10.3*p* = 0.002Gender14M:25F11M:30F6M:21F5M:9FNSAngulation2.8 ± 3.53.2 ± 2.93.2 ± 2.73.5 ± 3.4NSArthrosis (Kellgren)Absent (0)71.8%53.7%51.9%57.1%KellgrenNSDiscrete ([I]{.smallcaps})20.5%17.1%18.5%14.3%Mild ([II]{.smallcaps})0.0%9.8%11.1%7.1%Moderate ([III]{.smallcaps})5.1%12.2%14.8%7.1%Severe ([IV]{.smallcaps})2.6%7.3%3.7%14.3%[^1]

Inclusion criteria were individuals over 18 years of age who agreed to participate in the study. Individuals who had been submitted to surgical orthopedic, vascular, or dermatological-plastic procedures in any segment of the lower limbs were excluded. Individuals with sequelae of fractures in the lower limbs or pathologies with a surgical indication in the lower limbs (hip arthrosis or vascular pathologies) were also excluded. Patients who presented knee alterations discovered as a result of outpatient evaluation for the study, such as tendinitis or degenerative meniscal lesions, were not excluded.

BMI was calculated by dividing the weight in kg by the square of the height in meters, classified as BMI \< 20 (underweight), 20--24.9 (normal), 25--29.9 (overweight), \>30 (obese), \>35 (morbidly obese), and \>50 (superobese).[@bib0165], [@bib0180]

The individuals surveyed were asked to report whether they had experienced knee pain in the last 48 h.[@bib0210] Only the presence of pain in the knee was considered; no attempt was made to detect whether the origin was articular, extra-articular, or referred, according to the methodology previously established in epidemiological studies.[@bib0160], [@bib0170], [@bib0210] The pain was evaluated through the VAS, ranging from 0 (no pain) to 10 (most intense pain possible) and stratified as follows: 0--3, mild; 4--6, moderate; and 7--10, strong.[@bib0210]

Knee radiographs were made with orthostatic support and included the distal femoral and proximal tibial diaphysis. The tibiofemoral angle, which consists of the intersection of the femoral and tibial anatomical axes, was measured with a goniometer. The femoral anatomical axis was obtained by drawing a line from the center of the tibial spines to the region 10 cm proximal to these at the midpoint between the lateral and medial cortices of the femur. The tibial anatomical axis was drawn from the middle of the tibial spines to a point 10 cm distal on the tibia, in the midline between the lateral and medial cortices.[@bib0215] It was considered: varus, less than 5° of tibiofemoral valgus; neutral, between 5° and 9° of valgus; and valgus, equal to or greater than 10°. The Kellgren and Lawrence[@bib0220] classification was used to assess the degree of arthrosis. Grade [II]{.smallcaps} was considered radiographic arthrosis.[@bib0220] This classification was used because it includes more discrete and initial alterations of arthrosis, being more sensitive in reporting earlier degenerative changes.[@bib0220], [@bib0225]

The WOMAC score, initially designed for evaluation of knee and hip osteoarthrosis, it was used by Jinks et al.[@bib0210] in a population study of knee pain prevalence. This index ranges from 0 to 96 (best to worst scores) and consists of three domains: pain (0 to 20 points); stiffness (0 to 8); and function (0 to 68). The advantage of this index is that it assesses different health and well-being dimensions, but it is specific for the knee. Severe knee pain or limitation was considered when one of the sub-items had a maximum score in the assessed domain (4).[@bib0210]

Statistical analyses were performed regarding the relationship between pain (VAS) and BMI parameters, age, gender, tibiofemoral angulation, and Kellgren-Lawrence classification in the studied groups and subgroups.

The degree of radiological arthrosis by Kellgren was analyzed statistically for the parameters age, gender, and pain (VAS). The WOMAC score and its domains were assessed between the groups.

In the present study, the data analysis focused on the most symptomatic knee (main responsible for the VAS score). Such methodology aimed to avoid compromising statistical analysis if both limbs (knees) were evaluated as separate statistical units, as previously described by Menz.[@bib0230]

Statistical analysis {#sec0015}
--------------------

The Wilks G2 test was used to assess the correlation between gender and the pain parameters and Kellgren score in the groups and subgroups. The Pearson correlation coefficient was used to assess the relationship between pain (VAS) and the parameters age, tibiofemoral angulation, and BMI. The Mann--Whitney test was used to correlate the pain in the obese (BMI \< 50) and superobese (BMI \> 50) subgroups, and to assess pain parameters (VAS), tibiofemoral angulation, and age in the groups. The Kolmogorov-Smirnov test was used to compare the prevalence of arthrosis according to the Kellgren classification between groups and between subgroups. Analysis of variance (ANOVA) was used to assess the WOMAC scores and the mean tibiofemoral angulation between the groups. In the analyses with positive statistical correlation, the risk coefficient (odds ratio) was calculated when indicated. In all analyses, a significance level of *p* \< 0.05 was adopted.

Results {#sec0020}
=======

A higher incidence of pain was observed in the severely obese group (100%) when compared with the control group (30%); this difference was statistically significant (Mann--Whitney test, *p* \< 0.0001; [Fig. 1](#fig0005){ref-type="fig"}). The mean VAS was 6.51 in patients from the obese group, 5.85 in the superobese group, and 1.43 in the control group. No statistically significant difference was observed between the obese and superobese groups (Mann--Whitney test, *p* = 0.766).Fig. 1Prevalence of pain (VAS) in the severely obese and control groups.

No difference was observed in tibiofemoral angulation between the control group and the severely obese group (Mann--Whitney, *p* = 0.207; [Table 2](#tbl0010){ref-type="table"}). No statistical differences were observed between the subgroups of obese individuals with BMI \< 50 and BMI \> 50 (Mann--Whitney, *p* = 0.415).Table 2Main results of the statistical analysis.Table 2ControlObesePain (VAS)NS*p* \< 0.00011.4 ± 2.26.2 ± 2.7WOMACNS*p* = 0.00111.7% ± 0.5%40.7% ± 9.5%Pain (VAS) [X]{.smallcaps} GenderNSNSPain (VAS) [X]{.smallcaps} AgeNS*p* = 0.047Pain (VAS) [X]{.smallcaps} BMINSNSAge [X]{.smallcaps} Kellgren*p* = 0.037*p* = 0.001Gender [X]{.smallcaps} KellgrenNSNS[^2]

No difference was detected in the prevalence of arthrosis (according to the Kellgren classification) between the control group and the severely obese group (Kolmogorov-Smirnov test, *p* = 0.21), nor among the subgroups of obese individuals with BMI \< 50 and BMI \> 50 (Kolmogorov-Smirnov test, *p* = 0.117).

No correlation was observed between Kellgren\'s radiographic classification of arthrosis and gender in both the severely obese group (Wilks G2 test, *p* = 0.28) and the control group (Wilks G2 test, *p* = 0.55).

In the group of severely obese individuals, a positive correlation was observed between the age and the presence of pain (Pearson coefficient 0.312, *p* = 0.047; [Fig. 2](#fig0010){ref-type="fig"}). No statistical correlation was observed between age and pain in the control group (Pearson coefficient of 0.181, *p* = 0.277). No differences were observed between the subgroups of obese individuals with BMI \< 50 and BMI \> 50, with Pearson coefficients of 0.277 (*p* = 0.254) and −0.252 (*p* = 0.395), respectively.Fig. 2Pain (VAS) *vs*. age in the severely obese and control groups.

No correlation between pain measured by VAS and gender were observed in the severely obese group (Wilks G2 test, *p* = 0.594) and in the control group (Wilks G2 test, *p* = 0.541). No higher prevalence of pain was observed in a given gender in the subgroup of obese individuals with BMI \< 50 or in the subgroup with BMI \> 50 (Wilks G2 tests, *p* = 0.192 and *p* = 0.250, respectively).

No correlation was observed between BMI and pain measured by VAS in the severely obese group (Pearson coefficient: 0.206; *p* = 0.195) or in the control group (Pearson coefficient: −0.075; *p* = 0.649). No statistical correlation was observed in the subgroups of obese individuals with BMI \< 50 and BMI \> 50, with Pearson correlation coefficients of 0.227 (*p* = 0.25) and −0.252 (*p* = 0.395), respectively.

No significant difference was observed between the mean tibiofemoral angulation and presence of pain by the VAS scale between the studied groups (ANOVA, *p* = 0.354). No difference was detected when correlating the subgroups of obese patients with BMI \< 50 and BMI \> 50 (Mann--Whitney test, *p* = 0.415).

A higher radiological arthrosis involvement with age increase was observed in both the severely obese group (Kruskal--Wallis test, *p* = 0.001) and the control group (Kruskal--Wallis test, *p* = 0.037).

The WOMAC functional scale values were worse in the severely obese group when compared with those in the control group (mean: 11.53; Mann--Whitney test, *p* = 0.001). However, no statistically significant difference was observed in this scale when comparing the subgroups of obese individuals with a BMI \< 50 (mean: 49.54) and the group of obese individuals with a BMI \> 50 (mean: 23.06; Mann--Whitney test, *p* = 0.971). Using the value of 18 as cutoff point[@bib0180] for functional limitation, the odds ratio of the group of severely obese patients in relation to the control group was 18.2.

On the WOMAC scale, the most seriously compromised physical function (4 points) was going up and down stairs in 35% of patients in the severely obese group, followed by heavy household work, getting in and out of a car, and standing up -- with 20% severe pain/limitation.

Discussion {#sec0025}
==========

In the present study, it was observed that patients in the severely obese group presented higher knee pain when compared to a control group that was designated to simulate the normal-weight population. The odds ratio was calculated as 2.96. Such a finding is in agreement with Jinks et al.,[@bib0160] who have demonstrated that obese individuals are three times more likely than individuals with normal BMI to develop internal knee pain.

No relationship was observed between the degree of radiological arthrosis and the intensity of pain reported with the VAS. Although a higher incidence of knee pain was observed in the obese population when compared to the normal-weight population, this may be due to intra-articular alterations, such as degenerative meniscal lesions, as well as tendinitis that can only be visualized by magnetic resonance imaging, and not by simple radiographs.[@bib0180], [@bib0185], [@bib0190], [@bib0195] The clinical and radiographic dissociation has already been discussed by Zhai et al.[@bib0235] and Finan et al.[@bib0240]

When assessing the subgroup of superobese (BMI \> 50), no differences were observed in the levels of radiographic arthrosis and intensity of pain when compared individuals with BMI \< 50. A larger sample size may be required so that differences between obese and superobese individuals can be detected.

The incidence of knee pain increased with age in the severely obese group. Other studies have also described an increased prevalence of knee pain in older age groups.[@bib0245], [@bib0250]

The incidence of radiological arthrosis increased with age in both the severely obese and control groups. This fact is in agreement with the literature,[@bib0245], [@bib0250], [@bib0255], [@bib0260], [@bib0265], [@bib0270] because age is a risk factor for arthrosis, as the chondrocyte function is compromised.[@bib0155]

In the present study, no difference was observed between genders regarding pain in both the study group and the control group. Some articles have described a higher incidence of knee pain in females.[@bib0245], [@bib0250], [@bib0255], [@bib0275] Some authors[@bib0225], [@bib0250], [@bib0275] have attempted to explain the greater sensation of pain in women through social and educational issues. However, a population study conducted in Salvador, Brazil showed a higher incidence of knee pain in men.[@bib0280]

O'Connor[@bib0275] and Srikanth et al.[@bib0285] demonstrated that the female gender would be a predisposing factor for arthrosis. However, in the present study, no difference in radiographic arthrosis involvement was observed between genders.

No correlation was found in the present study between BMI and pain intensity, both when correlating the severely obese group with the control and when correlating the subgroups of obese individuals with BMI \< 50 or \>50. This result could be justified by the action of systemic factors (adipokines and metabolic syndrome) that would lead to musculoskeletal system involvement and pain, which would not be determined by mechanical factors alone.[@bib0170], [@bib0175] If only weight and BMI were related to pain in obese individuals, the intensity of pain would increase linearly with these parameters,[@bib0170] which was not detected in the present study.

Sharma et al.[@bib0290] demonstrated that poor knee alignment, excessive varus or valgus, and obesity would be related to a higher propensity for progression of arthrosis. High BMI accelerates the process of cartilage wear in the medial compartment in cases of genu varum. Poor knee alignment and BMI would jointly influence arthrosis progression. In the present study, no significant differences were observed in the tibiofemoral axis between the severely obese group and the control group. This fact may be explained in part by the relatively young age the present sample (mean age: 44 years), who would not yet have presented deformity of the coronal alignment of the knee due to the degenerative process.[@bib0185]

The functional performance, measured by the WOMAC score, presented a worse outcome in the groups with high BMI, as previously described by other authors.[@bib0200], [@bib0205], [@bib0225]

The WOMAC score in the physical function domain showed a serious impairment in the performance of going up and down stairs in 35% of the subjects in the severely obese group. This value is higher than the 23% observed by Jinks et al. doing the same task.[@bib0270] in a population of rural workers aged above 50 years. Another significant result was the 20% rate of intense pain on standing up and getting in and out of a car, also described in other studies.[@bib0205], [@bib0295] These data are of significant interest and have objective and planning repercussions: the care sector for obese patients should be located preferably on the ground floor, not requiring the use of stairs. In addition, reinforced seats should be available in a quantity compatible with the demand.

A limitation of the present study is the fact that it evaluated a small number of patients; therefore, it was not possible to show differences between subgroups of obese patients with BMI \< 50 and BMI \> 50. A strength of the present study is that it represents an original work in Brazil, addressing the significant knee pain observed in severely obese patients. This is a special class of patients with specific clinical and psychosocial data.[@bib0155], [@bib0250], [@bib0300]

The analysis of the peculiarities of the clinical and epidemiological factors of the obese patients can be useful in resource allocation and in the formulation of guidelines of programs for severe obesity treatment. These data are useful, especially in the public health system, in order to take advantage of the limited resources to meet the demands of these patients. Not only bariatric surgery but also other specialties, such as plastic and orthopedic surgeries, especially of the knee, need to be considered in the broader treatment of these individuals.

Conclusion {#sec0030}
==========

A higher incidence of knee pain was observed in the severely obese patients when compared with control groups.

A positive correlation was observed between age progression and arthrosis in the severely obese and control groups.

In the severely obese group, pain increased with the progression of age.

The WOMAC index was worse in the severely obese group.
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[^1]: NS, not significant (*p* \> 0.05).

[^2]: NS, not significant (*p* \> 0.05); mean ± standard deviation.
